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(54) Permanent magnet type eddy current reduction apparatus

(57) A tubular element opposed to an inner periph-
eral surface of a brake drum of a guide tube is consti-
tuted of a weak-magnetic sheet to miniaturize and
reduce in weight of apparatus and to enhance a brake
performance.

A permanent magnet type eddy current reduction
apparatus comprising a brake drum 15 coupled to a
rotational shaft, a guide tube B having a hollow portion
which is rectangular in section one end of which is
secured to a vehicle body side while the other end is
projected into the brake drum 15, and a magnet sup-
porting tube 9 axially movably supported on the hollow
portion 20 of the guide tube B and having many mag-
nets 8 coupled to an outer peripheral surface at certain
intervals. A tubular element 14 opposed to an inner
peripheral surface of the brake drum 15 of the guide
tube B is constituted of a weak-magnetic sheet, and a
permeability of a portion 14b covering a space 26
between the magnets of the tubular element 14 is the
same as that of a portion 14a covering an outer surface
of the magnet 8 or smaller than that of the portion 14a.

Printed by Xerox (UK) Business Services
2.16.7 (HRS)/3.6



1 EP 1 005 144 A1 2

Description

BACK GROUND OF THE INVENTION

[0001] The present invention relates to an eddy cur-
rent reduction apparatus as a retarder for applying a
reduction brake force to vehicles, and particularly to a
permanent magnet type eddy current reduction appara-
tus which causes a magnet supporting tube to recipro-
cate in an axial direction to switch to braking or non-
braking, which omits pole pieces to suppress a lowering
in brake force, and which attempts to reduce weight of
apparatus and to reduce manufacturing cost.

[0002] In a conventional permanent magnet type
eddy current reduction apparatus disclosed in FIG. 1 of
Japanese Patent Application Laid-Open No. 3-86061, a
magnet supporting tube is accommodated in a hollow
portion of a guide tube constituting a protective casing
for permanent magnets (hereinafter merely referred to
as magnets), the magnet supporting tube is projected
into a brake drum in braking, and the magnet is commu-
nicated with ferromagnetic plates (pole pieces) on the
guide tube to form a magnetic circuit between the guide
tube and the brake drum. When the rotating brake drum
across a magnetic field, an eddy current is generated in
the brake drum, and a brake torque is generated in a
direction reverse to the rotating direction of the brake
drum.

[0003] However, the aforementioned eddy current
reduction apparatus has a problem in that since the
magnetic flux passes through the thick ferromagnetic
plate, the magnetic flux arriving at the brake drum is
reduced, and the brake force lowers. The lowering in
brake force is remarkable for those in which material for
the brake drum has a large electric conductance. Fur-
ther, in the conventional eddy current reduction appara-
tus, since the ferromagnetic plates are coupled to the
guide tube, the constitution thereof becomes compli-
cated, the manufacturing cost increases, and the weight
also incases.

[0004] In a conventional permanent magnet type
eddy current reduction apparatus disclosed in Fig.1 of
Japanese Patent Application No. 7-336180, there is
provided a construction in which a non-magnetic (for
example, austenite stainless steel) sheet is used for a
tubular element on a guide tube opposed to an inner
peripheral surface of a brake drum to reduce weight of
the guide tube, and entry of dust or muddy water from
outside is prevented. However, even the aforemen-
tioned permanent magnet type eddy current reduction
apparatus, the air gap between the inner peripheral sur-
face of the brake drum and the guide tube (strictly, air
gap between the inner peripheral surface of the brake
drum and the outer surface of the magnets) is so large
that the brake force lowers.
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SUMARY OF THE INVENTION

[0005] In view of the aforementioned problems, the
present invention provides a permanent magnet type
eddy current reduction apparatus in which a tubular ele-
ment on a guide tube opposed to an inner peripheral
surface of a brake drum is constituted of a weak-mag-
netic sheet for miniaturization and reduction in weight
and enhancement of brake force of the apparatus.
[0006] For solving the above-described problem,
the present invention provides a permanent magnet
type eddy current reduction apparatus comprising a
brake drum coupled to a rotational shaft, a guide tube
having a hollow portion of rectangular in section, one
end of said guide tube being secured to a vehicle body,
the other end of said guide tube being projected into the
brake drum, and a magnet supporting tube axially mov-
ably supported on the hollow portion of said guide tube
and having a number of magnets coupled to an outer
peripheral surface at equal intervals, characterized in
that a tubular element on said guide tube opposed to an
inner peripheral surface of said brake drum is consti-
tuted of a weak-magnetic sheet, and a permeability of a
portion covering a space between said magnets is the
same as that of a portion covering an outer surface of
said magnet, or a permeability of a portion covering a
space between said magnets is smaller than that of a
portion covering the outer surface of said magnet.
[0007] In case the tubular element on the guide
tube opposed to an inner peripheral surface of the brake
drum is constituted of a weak-magnetic steel sheet, a
short-circuiting magnetic flux leakage passing through
the steel sheet occurs between the magnets adjacent to
each other. For suppressing such a magnetic flux leak-
age as described, a weak-magnetic (for example, such
as SPCC, SPHC, SS41, etc.) is used for the tubular ele-
ment on the guide tube opposed to an inner peripheral
surface of the brake drum so that the magnetic flux may
easily enter the brake drum, and a substantial air gap
between the inner peripheral surface of the brake drum
and the tubular element on the guide tube is made small
to improve the brake force. Also in this case, however,
since a short-circuiting magnetic flux leakage passing
through the steel sheet occurs between the magnets
adjacent to each other, the brake force is less improved.
Then, it is necessary to wide the space between the
magnets, or to make the steel sheet extremely thin.
[0008] In the present invention, as the first means
for further enhancing the brake force, the thickness of
the sheet covering the space between the magnets of
the tubular element on the guide tube is made thinner
than that of the sheet of the portion covering the outer
surface of the magnets, and a non-magnetic (stainless,
aluminum, etc.) reinforcing plate is coupled to the
thinned portion by welding.

[0009] As the second means, a weak-magnetic
sheet is used for the portion covering the outer surface
of the tubular element on the guide tube, and a non-
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magnetic sheet is used for the portion covering the
space between the magnets of the tubular element on
the guide tube, both the sheets being connected by
welding.

[0010] As the third means, the whole tubular ele-
ment on the guide tube opposed to the inner peripheral
surface of the brake drum is formed from a weak-mag-
netic sheet. A sheet formed of nickel, a nickel-chrome
alloy, etc. is placed on the sheet covering the space
between the magnets of the tubular element. Alterna-
tively, a sheet is plated in advance with nickel or nickel-
chrome alloy. By heated to a temperature of 1000°C or
more, the nickel or nickel-chrome alloy is locally diffused
over the sheet into a nickel alloy or a nickel-chrome alloy
to provide an austenite tissue, and the sheet of the por-
tion covering the spaces between the magnets are
formed into a non-magnetic substance.

[0011] As the fourth means, the whole tubular ele-
ment on the guide tube is formed from a stainless steel
sheet having an austenite tissue, and only the portion
covering the outer surface of the magnets are ham-
mered and changed into a magnetic substance having a
martensite tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other objects and features of the
invention will become more apparent upon a perusal of
the following description taken in conjunction with the
accompanying drawings wherein:

FIG. 1 is a side sectional view showing main parts
of a permanent magnet type eddy current reduction
apparatus according to the present invention.

FIG. 2 is a front sectional view showing main parts
of the permanent magnet type eddy current reduc-
tion apparatus, taken on line 2A-2A of FIG. 1.

FIG. 3 is a front sectional view showing main parts
of a permanent magnet type eddy current reduction
apparatus according to a second embodiment of
the present invention.

FIG. 4 is a front sectional view showing main parts
of a permanent magnet type eddy current reduction
apparatus according to a third embodiment of the
present invention.

FIG. 5 is a front sectional view showing main parts
of a permanent magnet type eddy current reduction
apparatus according to a fourth embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0013] In the eddy current reduction apparatus, a
proximal end portion or a right end portion of a brake
drum 15 provided with cooling fins 15a is coupled by
welding or the like to a number of spokes 16 radially
extending from a peripheral edge portion of a disk-like
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mounting flange 19 which is rotatably coupled to an out-
put shaft of a speed change gear for vehicles, for exam-
ple. A conical portion 13 is formed on the extreme end
portion or the left end portion of the brake drum 15 so
that heat inside the brake drum 15 is smoothly radiated.

[0014] For example, a guide tube B fixedly sup-
ported on the wall portion of the speed change gear for
vehicles has a hollow portion 20 having a rectangular
section, a right half portion of which is projected into the
brake drum 15 leaving a slight clearance. More specifi-
cally, the guide tube B is composed of a main body 6 in
C-shape in section formed of a ferromagnetic material
such as iron, a thin tubular element 14 formed of a non-
magnetic material opposed to the inner peripheral sur-
face of the brake drum 15 and an end wall 6d. The main
body 6 is integrally provided with an end wall 6b, an
outer tubular portion 6a having substantially the same
wall thickness as that of the brake drum, and an inner
tubular portion 6¢. An end wall 6d (preferably, a non-
magnetic material or a weak magnetic material) formed
from an annular plate is coupled to the right end of the
main body 6. The outer tubular portion 6a is formed on
the right end thereof with a conical surface 31 opposed
to the conical portion 13 of the brake drum 15.

[0015] According to the present invention, for mak-
ing the guide tube B into a sealed construction, the
tubular element 14 opposed to the inner peripheral sur-
face of the brake drum 15 is formed from a weak-mag-
netic sheet having a thickness of about 0.4 to 1.0 mm,
and coupled to the conical surface 31 of the outer tubu-
lar portion 6a and an outer peripheral edge of the end
wall 6d by means of a plurality of bolts 12. To accom-
plish this, a conical portion placed on the conical sur-
face 31 is formed on the left end portion of the tubular
element 14, while a radially and inwardly projecting
annular plate portion placed on the end wall 6d is
formed on the right end portion thereof.

[0016] A magnet supporting tube 9 having substan-
tially the same wall thickness as that of the brake drum
15 is accommodated in the hollow portion 20 of the
guide tube B. The magnet supporting tube 9 is fitted axi-
ally slidably over the inner tubular portion 6¢, and a
number of magnets 8 are coupled to the outer periph-
eral surface at equal intervals in a peripheral direction.
The magnets 8 are provided with magnetic poles on the
outer surface opposed to the inner peripheral surface of
the brake drum 15 via the tubular element 14 and the
inner surface coupled to the magnet supporting tube 9
formed of a ferromagnetic material such as iron, polari-
ties of the magnetic poles opposed to the inner periph-
eral surface of the brake drum 15 being disposed so as
to be alternately different in a peripheral direction.
[0017] In order to drive the magnet supporting tube
9 to a brake position shown in FIG. 1 projected into the
brake drum 15 and a non-brake position at which the
magnet supporting tube 9 is moved away from the brake
drum 15 into contact with the end wall 6b, cylinders 2 of
a plurality (preferably, three) of actuators 'A'" are coupled
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to the end wall 6b. The actuator 'A' provides with a pis-
ton 4 to fitted into the cylinder 2 to define a chamber 3
and a chamber 5, and the magnet supporting tube 9 is
coupled to a rod 7 projecting into the hollow portion 20
through the end wall 6b from the piston 4.

[0018] As shown in FIG. 2, each magnet 8 is in the
form of a block, and is secured to the magnet supporting
tube 9 by means of a fitting 22 in the shape of U in sec-
tion and a bolt 21. Specifically, the fitting 22 is placed on
shoulders 8b formed on peripheral ends of the magnets
8 peripherally adjacent to each other, and is fastened to
the magnet supporting tube 9 by means of a plurality of
bolts 21.

[0019] In braking, the magnet supporting tube 9 is
urged by the actuator A to a position at which the mag-
nets 8 are faced against to the inner peripheral surface
of the brake drum 15. At this time, the magnets 8 exert
magnetic fields to the brake drum 15 via the thin tubular
element 14 to form magnetic circuits x between the
brake drum 15 and the magnet supporting tube 9 as
shown in FIG. 2. When the rotating brake drum 15
across the magnetic fields, eddy currents flow in the
interior (wall portion) of the brake drum 15 to generate a
brake torque.

[0020] In releasing the brake, when a pressure fluid
is supplied to the chamber 5 of the actuator A and a
pressure fluid of the chamber 3 is released outside, the
magnet supporting tube 9 is pulled leftward by the pis-
ton 4 till the former comes in contact with the end wall
6b. The magnets 8 are withdrawn from the interior of the
brake drum 15 to form magnetic circuits between the
outer tubular portion 6a of the guide tube B and the
magnet supporting tube 9, not exerting the magnetic
field on the brake drum 15.

[0021] As shown in FIG. 2, in the present invention,
for preventing a short-circuiting magnetic flux leakage
from occurrence between the magnets, not contributed
to the brake torque through a portion 14b on the tubular
element 14 covering a space 26 between the magnets
8, the wall thickness or the plate thickness of the por-
tions 14b (see FIG. 5) covering the space 26 between
the magnets are made thinner than, or cut, that of por-
tions 14a covering the outer surface of the magnets 8,
and each thinned or cut portion 14b is reinforced by a
non-magnetic reinforcing plate 23.

[0022] In the embodiment shown in FIG. 2, the por-
tions 14a on the tubular element 14 covering the outer
surface of the magnets 8 and the portions 14b covering
the space 26 between the magnets 8 are separated.
That is, each portion 14b is constituted such that the
sheet formed of a non-magnetic material such as alumi-
num, stainless or the like is bent into a U-shape in sec-
tion and the opposite edges of the portion 14b are
placed on the inner surface of the portions 14a and then
coupled by welding or the like to form a tubular element
as a whole.

[0023] In the embodiment shown in FIG. 3, for facil-
itating formation of the tubular element 14 of the guide
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tube B, a number of rectangular openings 17 are periph-
erally provided at equal intervals on the weak-magnetic
tubular element 14, and the peripheral edge portion of a
reinforcing plate 23 formed of a non-magnetic material
such as aluminum, stainless or the like is placed on and
coupled to the inner surface of the tubular element 14 so
as to close the opening 17. In this case, preferably, the
portion closing the openings 17 is somewhat projected,
than the peripheral edge of the reinforcing plate 23,
toward the central part of the brake drum 15 to form a
depression. In this way, each reinforcing plate 23 clos-
ing the openings 17 is projected to the space 26
between the magnets 8 relative to the portions 14b cov-
ering the outer surface of the magnets 8.

[0024] In the embodiment shown in FIG. 4, with
respect to the thin tubular element 14 on the guide tube
B formed of a weak-magnetic material such as steel, the
plate thickness of the portion 14b covering the space 26
between the magnets is made thinner than that of the
portion 14a covering the outer surface of the magnets 8.
In this case, a groove 18 extending in an axial direction
of the brake drum 15 is provided in the outer peripheral
surface of the tubular element 14 to thereby make the
plate thickness thin, and the opposite side edges of the
reinforcing plate 23 in the shape of U in section formed
of a non-magnetic material such as aluminum, stainless
or the like are placed on the inner surface of the tubular
element 14 and then coupled by welding or the like.
[0025] In the embodiment shown in FIG. 5, the
whole tubular element 14 on the guide tube B is consti-
tuted of a weak-magnetic material such as iron having
an even wall thickness, a sheet (not shown) such as
nickel is placed on the portion 14b covering the space
26 between the magnets 8, the superposed portion of
the sheets on the tubular element 14 is heated to a tem-
perature of 1,000°C or more to alloy nickel or the like
with iron (nickel is diffused into iron), and the portion
14b covering the space 26 between the magnets 8 is
formed to have the tissue of austenite. Alternatively,
nickel plating is applied in advance to the portion 14b on
the tubular element 14 covering the space 26 between
the magnets, nickel is alloyed with iron by heat treat-
ment, and the portion 14b on the tubular element 14 can
be made to have the tissue of austenite. According to
this embodiment, it is easy to mold the tubular element
14 on the guide tube B, and by mere application of heat
treatment, the portion 14b covering the outer surface of
the magnets 8 can be made into a ferromagnetic sub-
stance, while the tissue of the portion 14b covering the
space 26 between the magnets 8 can be made into
austenite to provide a non-magnetic substance.

[0026] Further, alternatively, in the present inven-
tion, the tubular element 14 on the guide tube B is
formed of an austenite stainless (a non-magnetic mate-
rial), and only the portion covering the outer surface of
the magnets 8 of the tubular element 14 may be ham-
mered to change it into the tissue of martensite, that is,
a magnetic substance.
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[0027] In the present invention, by various methods
as described above, the portions 14a covering the outer
surfaces of the magnets 8 of the tubular element 14 on
the guide tube B are made into a magnetic substance,
and the portions 14b covering the spaces 26 between
the magnets 8 are made into a non-magnetic sub-
stance. However, the magnetic properties (particularly,
permeability) of these portions 14a and 14b are relative,
so that even if the portions 14a covering the outer sur-
faces of the magnets 8 are not a complete magnetic
substance, and the portions 14b covering the spaces 26
between the magnets are not a complete non-magnetic
substance. Therefore, they can be freely selected in
terms of cost of processing and brake performance, and
the brake performance can be enhanced by suppress-
ing the leakage of magnetic flux.

[0028] While in the above-described embodiments,
a description has been made of the construction of the
tubular element 14 on the guide tube B for protecting the
magnets 8, it is to be noted that copper plating can be
applied to the inner peripheral surface of the brake drum
15 in place of the tubular element 14, or a breezer can
be mounted within the guide tube B to lower a tempera-
ture.

[0029] In the present invention, the ferromagnetic
plates (pole pieces) for protecting the magnets 8 to
induce the magnetic field is abolished, and the thin
tubular element 14 is disposed on the portion, of the
guide tube B, opposed to the inner peripheral surface of
the brake drum 15 so that the magnets 8 considerably
come close to the inner peripheral surface of the brake
drum 15 as compared with prior art to thereby obtain a
powerful brake force. In other words, even if the radius
of the brake drum 15 is smaller by a thickness of the fer-
romagnetic plate than the conventional eddy current
reduction apparatus, a sufficient brake force is obtained
to enable mounting of the eddy current reduction appa-
ratus on the small vehicles.

[0030] The portions 14a covering the outer surfaces
of the magnets 8 may not be a complete magnetic sub-
stance but a weak-magnetic substance, and the por-
tions 14b covering the spaces 26 between the magnets
8 may not be a complete non-magnetic substance but a
substance through which magnetism passes to some
extent. If the tubular element 14 is extremely thin, or the
magnets 8 are greatly parted from the other, material of
the portions 14a covering the outer surfaces of the mag-
nets 8 may be the same as that of the portions 14b cov-
ering the spaces 26 between the magnets 8. A degree
of difference in magnetic properties between the por-
tions 14a covering the outer surfaces of the magnets 8
and the portions 14b covering the spaces 26 between
the magnets 8 can be freely selected taking cost of
processing and brake performance into account.
[0031] According to the present invention, the
whole outer portion or tubular element on the guide tube
opposed to the inner peripheral surface of the brake
drum is formed from a weak-magnetic sheet, and the
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portions covering the outer surfaces of the magnets are
made into a ferromagnetic substance, while the portions
covering the spaces between the magnets are made
into a non-magnetic substance by the various methods
as described above. Therefore, magnets come close to
the inner peripheral surface of the brake drum to sup-
press a leakage of magnetic flux, to intensify the mag-
netic fields which the magnets exert on the brake drum
and to thus obtain a great brake force, enabling minia-
turization and reduction in weight of the guide tube and
reduction in cost of manufacture.

[0032] If copper plating or the like is applied to the
inner peripheral surface of the brake drum, greater
effects can be obtained.

[0033] Obviously, many modifications and varia-
tions of the present invention are possible in right of the
above teachings. It is to be understood, therefore, that
the invention can be practiced otherwise than as specif-
ically described.

A actuator

B: guide tube

2: cylinder

4: piston

6: main body

6a: outer tubular portion
6b: end wall

6c¢: inner tubular portion
6d: end wall

7 rod

8: permanent magnet
8b: shoulder

9: magnet supporting tube
12: bolt

13: conical portion

14: tubular element
14a: portion

14b: portion

15: brake drum

15a: cooling fin

16: spoke

17: opening

18: axial groove

19: flange

20: hollow portion

21: bolt

22: fitting

23: reinforcing plate
26: space

31: conical surface
Claims

1. A permanent magnet type eddy current reduction
apparatus comprising a brake drum coupled to a
rotational shaft, a guide tube having a hollow por-
tion of rectangular in section, one end of said guide
tube being secured to a vehicle body, the other end
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of said guide tube being projected into the brake
drum, and a magnet supporting tube axially mova-
bly supported on the hollow portion of said guide
tube and having a number of magnets coupled to
an outer peripheral surface at equal intervals, char-
acterized in that a tubular element on said guide
tube opposed to an inner peripheral surface of said
brake drum is constituted of a weak-magnetic
sheet, and a permeability of a portion covering a
space between said magnets is the same as that of
a portion covering an outer surface of said magnet,
or a permeability of a portion covering a space
between said magnets is smaller than that of a por-
tion covering the outer surface of said magnet.

The permanent magnet type eddy current reduction
apparatus according to claim 1, wherein the thick-
ness of the portion covering said space between
said magnets of the tubular element on said guide
tube is thinner than that of the portion covering said
space between said magnets.

The permanent magnet type eddy current reduction
apparatus according to claim 1, wherein a non-
magnetic reinforcing plate is fastened to the portion
covering said space between said magnets of the
tubular element on said guide tube.

A permanent magnet type eddy current reduction
apparatus comprising a brake drum coupled to a
rotational shaft, a guide tube having a hollow por-
tion of rectangular in section, one end of said guide
tube being secured to a vehicle body, the other end
of said guide tube being projected into the brake
drum, and a magnet supporting tube axially mova-
bly supported on the hollow portion of said guide
tube and having a number of magnets coupled to
an outer peripheral surface at equal intervals, char-
acterized in that a portion covering an outer surface
of said magnet of a tubular element on said guide
tube is formed of a ferromagnetic sheet and a por-
tion covering a space between said magnets of said
tubular element is formed of a non-magnetic sheet,
and said ferromagnetic sheet and said non-mag-
netic sheet are coupled with each other in a tubular
form.
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